ABSTRACT Reflection and fluorescence properties of feathered and non-feathered body regions of whiteand bronze-colored fattening turkeys of various ages were examined by ultraviolet (UV) photography. The examinations were carried out on 20 white-feathered fattening turkeys (B.U.T. 6; 10 males, 10 females) and 20 bronze-feathered fattening turkeys (Grelier 708; 10 males, 10 females) over a period of 21 weeks. The turkeys were photographed once a wk under long-wave UV (UVA) radiation illumination (λ = 344-407 nm) using a digital camera. A bandpass filter was used for UV reflectography to filter out the visible components of the used light source. A longpass filter was used for UV fluorescence photography to avoid blurring in the image due to chromatic aberration as a result of UV illumination. We found that natal down feathers of white-feathered turkeys showed an intense yellowish-green fluorescence under UVA light. UVA fluorescence also was shown by the natal downs of the slightly melanized plumage areas of bronze turkeys. Vaned feathers of white fattening turkeys reflected UVA radiation. Freshly molted feathers were optically distinguishable from the previous feather generation due to their more intense UVA reflection. In bronze turkeys, both the bright end seams of the dark pennaceous feathers and rectrices and the bright banding of primary and secondary remiges reflected UVA radiation. Intense UVA fluorescence was recognizable in day-old chicks of both color variants on the scutellate scales of the legs and toes. In male turkeys of both color variants, UVAreflecting parts were recognizable with increasing age on the featherless head region. The UVA-fluorescent and UVA-reflective characteristics of the plumage of fattening turkeys were closely related to the plumage color, the feather type, the molting state, and the age of the birds. Further research is needed regarding the UVA-reflecting properties of the turkey plumage and the effects of full-spectrum illumination, including the UVA spectrum, on the behavior and health of fattening turkeys.
INTRODUCTION
Birds are the most visually dependent class of vertebrates and have developed adaptations that make their visual sense superior to that of other vertebrate groups. The visual acuity of birds has a visual discrimination that, for example, can exceed that of the mammalian eye by up to 6 times. In addition, the bird's eye can perceive both extremely slow movements and single pulses with a frequency of up to 150 frames per second. Thus, many birds are able to detect individual light pulses from fluorescent tubes that operate with conventional C 2017 Poultry Science Association Inc. Received May 11, 2017. Accepted August 24, 2017. 1 Corresponding author: thomas.bartels@fli.de ballasts at main frequencies of 50 Hz (Europe, Asia) and 60 Hz (United States) (Lisney et al., 2012) .
The color sensitivity of the eyes of many diurnal birds also far exceeds that of the human eye (Bennet and Cuthill, 1994) . For many bird species, tetra-or pentachromatic vision has already been demonstrated. In addition to sensitivities in the blue, green, and red spectral range, these birds have retinal sensitivities for violet and ultraviolet (UV) light (Hart et al., 1999; Prescott and Wathes, 1999; Barber et al., 2006; Morris, 2000, 2006; Saunders et al., 2008) . Therefore, the color of white or black objects that are monochrome for the human eye may well contain certain "color" impressions for a bird on the basis of UV light reflections. Furthermore, the spectrum of perceivable colors is considerably expanded in birds because they can distinguish many possible combinations of visible colors and colors visible only to UV-sensitive species. Thus, it is not objective to classify the coloring of a bird's plumage according only to human color perception (Rajchard, 2009) .
In addition to color receptors, the retina of the turkey eye contains UV-sensitive cone cells (Hart et al., 1999) . Because the cornea, the aqueous humor, the crystalline lens, and the vitreous humor are UV transparent (Lind et al., 2014) , we can assume that turkeys are able to perceive long-wave UV light, the so-called UVA radiation (λ = 315-400 nm). Wild turkeys have been shown to use this ability in tasks such as foraging and mate choice (Hill et al., 2005; Werner et al., 2014) . Despite a reduction in the relative eye weight (Ebinger et al., 1989) , domesticated fattening turkeys have retained the ability to perceive UV light (Hart et al., 1999) . Moinard and Sherwin (1999) and observed in turkey housing systems that the supply of a light spectrum covering the long-wave UV range, together with environmental enrichment, can help to reduce the prevalence of injurious pecking.
Against this background, the question arises whether the plumage of fattening turkeys has specific characteristics under full-spectrum illumination (including the UV spectrum), which may serve the birds as signal characters. To answer this question, we used UV photography to examine the reflection and fluorescence properties of feathered and non-feathered body regions in domesticated turkeys (Meleagris gallopavo f. dom.). Furthermore, we compared these properties between white-and bronze-feathered fattening turkeys of various ages.
ANIMALS, MATERIALS, AND METHODS
The examinations were carried out on 20 whitefeathered fattening turkeys (B.U.T. 6; 10 males, 10 females) and 20 bronze-feathered fattening turkeys (Grelier 708; 10 males, 10 females) over a period of 21 weeks. The turkeys were photographed once a wk using a digital camera (Nikon D70, Nikon Inc., Tokyo, Japan). For both UV reflectography and UV fluorescence photography, 10 black light blue fluorescent tubes (Philips TL-D Black Light Blue, 58 W, Philips Lighting GmbH, Hamburg, Germany) with a long-wave UV radiation of 344 to 407 nm and a peak at 366 nm were used as the light source. The emission spectrum of the black light blue fluorescent tubes is shown in Figure 1 . A bandpass filter (UG 1, Schott AG, Mainz, Germany) was used for UV reflectography in order to filter out the visible components of the used light source. A longpass filter (GG 400, Schott AG, Mainz, Germany) was used for UV fluorescence photography in order to avoid blurring in the image due to chromatic aberration caused by the UV radiation. The transmission properties of both filter glasses are shown in Figure 1 .
RESULTS

Natal Down Feathers
As nidifugous birds, hatchlings of domesticated turkeys are already covered with a downy coat of feathers. The day-old chicks of bronze turkeys had a somatolytic (i.e., camouflage-like) down plumage with an irregular pattern of differently pigmented areas typical of chicks of galliform birds (Figure 2 ). In visible light, the chicks of the white-feathered line had a light yellow-colored plumage in which only a weak patterning ("ghost markings") was recognizable. Under UV light, the down feathers of white-feathered turkey chicks and poults showed an intense yellowish-green fluorescence. A band-shaped area that fluoresced particularly intensely extended from the base of the beak over the abutment of the snood to the neck, where it widened slightly, and from here covered the dorsal side of the neck toward the back (Figure 3 ). In bronze turkey chicks, this "dorsal stripe" was colored dark and did not fluoresce under UV light. Instead, a fluorescent band that enclosed the eye extended from the base of the beak to the ear opening ( Figure 2 ). UV fluorescence was also shown by the natal downs of the slightly melanized plumage areas (comp. Figure 2) .
The fluorescence and reflection characteristics of the plumage changed in both turkey lines with the moltinduced loss of the downs. With increasing age, only the head and neck were densely covered with downs, whereas only isolated single downs were found in the remaining plumage; these downs had retained their UV-fluorescent and hence UV-absorbing properties (Figure 4) . The UV-fluorescing downs, which were still attached apically to the re-growing juvenile feathers, led to an attenuation of the UV reflection in whitefeathered turkeys (Figure 4 ). In the 10th wk of life, only the periocular head portion of the turkeys still showed a small number of downs, which were lost in the course of a few days.
Vaned Feathers
With the growth of the vaned feathers and the accompanying loss of the downs, the UV photographic images changed. The feather generation following the downy plumage showed a completely different fluorescence and reflection behavior. The pennaceous feathers of white fattening turkeys reflected UVA radiation. Freshly molted feathers were optically distinguishable from the previous feather generation due to their more intense UV reflection. On the other hand, soiling of the plumage hindered the UV reflection to varying degrees ( Figure 5 ). As the age progressed, diffuse fluorescence appeared as "ghost markings" in the distal portion of the pennaceous feathers. In bronze turkeys, both the bright end seams of the dark pennaceous feathers and rectrices and the bright banding of primary and secondary remiges were visible by UV reflectography. With the molt from the juvenile plumage into the first adult plumage, the bright markings on the molted pennaceous feathers and thus the UV-reflecting feather regions enlarged (Figure 6 ). 
Featherless Skin
In day-old chicks of both color variants, an intense UV reflection was seen on the egg tooth (Figure 2 ). On the other hand, the rostral, highly keratinized portions of the upper beak had fluorescent properties, whereas the caudal, less strongly keratinized regions did not fluoresce. Intense UV fluorescence was recognizable in day-old chicks of both color variants on the scales of the legs and toes. Each scale merged distally into an intensely fluorescent seam (Figure 7) . As the age progressed, the fluorescence of the scutellate scales on the legs and the toes was reduced and had largely disappeared on the 15th d of life. In male turkeys of both color variants, UVA-reflecting parts were recognizable with increasing age on the featherless head region (Figure 8 ).
DISCUSSION
Black light blue lamps are low-pressure mercuryvapor fluorescent lamps. They have an inner envelope coated with a fluorescent powder that emits UVA radiation to excite luminescence. When radiation hits a surface, it is reflected, transmitted, or absorbed. In the case of absorption, visible light effects can occur on the surface under UV light because electrons are excited and have risen to a higher energy state. When they return to the original state, the energy is emitted in the form of visible light. UV light is thereby converted into visible light, i.e.,, fluorescence is generated. Reflection and fluorescence can be visualized by means of classical photography. Two techniques can be used UV-photographically: UV reflectography (reflected or direct method) and UV fluorescence photography (UV fluorescence method). UV reflectography requires that the subject is "illuminated" with UV radiation. Additional filters (so-called UV transmission filters) are used to filter out visible light so that only the UV radiation contributes to imaging. In contrast to UV reflectography, UV fluorescence photography requires a barrier filter that passes through radiation in the visible range. More detailed information on the techniques of UV photography can be found in Richards and Leintz (2013) . UV reflectography and UV fluorescence photography thus enable a qualitative representation of the reflection behavior of surfaces.
In domesticated turkeys, retinal sensitivities to wavelengths in the UVA spectral range (λ = 315 to 400 nm) were determined (Hart et al., 1999) . Because the plumage of white fattening turkeys showed clear UV reflections under UV illumination, we can assume that under full-spectrum illumination, birds that appear white feathered to the human eye have a mixed color of white and UV for the turkey eye. However, in bronze turkeys, UV reflection was restricted to defined markings in the plumage. To what extent the intensity of the UV reflection has informative value to the birds has to be clarified by further investigations. Hill et al. (2005) demonstrated that the reflectivity of feathers is influenced by endoparasites. For example, an infection with coccidia led to a reduction in UV reflection. If perceived by other birds of the flock, such a change might allow them to avoid contact with the infested bird. Kämmerling et al. (2017) suggested that the UVA content of illumination contributes to a higher degree of object perception and brightness perception in turkeys, due to their about 20% higher UV sensitivity as compared with chickens. Accordingly, the keeping of turkeys under full-spectrum illumination can affect their behavior (Moinard and Sherwin, 1999) . In addition, showed that the prevalence of injurious pecking in fattening turkeys kept under illumination, including the UV spectrum, was lower than with UVfree illumination.
UV and blue structural colors are produced in the skin of birds by coherent scattering due to a specific arrangement of collagen fibers in the dermis. A reflection spectrum with a peak in the UV range (λ = 330 nm) was determined on the scalp of adult turkeys (Prum and Torres, 2003) . The results from our UV reflectography gave a similar picture. With incipient sexual maturity, UVA-reflecting areas, which may serve as signal characters, were detected on the featherless skin of the head.
According to Pohland (2006) , fluorescence in avian plumage provides 2 major effects: the absorption of short wavelengths, especially UV, and the emission of longer wavelengths. Based on this assumption, Pohland (2006) hypothesizes that fluorescence is somehow an integral part of signaling or occurs as an incidental effect of feather coloration. As an integral part of signaling, fluorescence could, for example, produce brighter plumage parts and a more saturated color. Furthermore, UV-fluorescent plumage regions could enhance contrasting juxtaposed UV-reflecting patches.
Fluorescent colors have been found not only in the plumage of adult birds (Pohland, 2006) but also in the natal downs of domestic turkeys and several other nidifugous birds, such as domestic chicken (Gallus gallus f. dom.), Japanese quails (Coturnix japonica), and wood ducks (Aix sponsa) (Sherwin and Devereux, 1999; McGraw, 2006) . Particularly in the case of the nidifugous hatchlings and pulli of anseriform and galliform species, the property of natal downs to fluoresce under UV illumination likely has biological significance by providing a form of camouflage. For example, many diurnal birds, including potential predators of nidifugous chicks, can perceive UV light, and they use this ability to search for prey (Viivita et al., 1995; . UV reflections in the downy plumage would accordingly highlight a chick visually from the environment in the eyes of UV-sensitive predators. However, fluorescent feathering properties suppress UV reflection, which, in addition to the somatolytic patterning in the visual light spectrum, can possibly lead to a camouflage effect, protecting against predators capable of UV perception. Further research is needed to determine the biological significance of these plumage characteristics and their influence on the behavior of fattening turkeys and other poultry species.
The biochemical composition of the fluorochromes of natal downs of galliform hatchlings is apparently largely unknown. In pigment analyses, appreciable amounts of melanin or carotenoids could not be detected in yellow natal downs of domestic chicks (McGraw et al., 2004) . However, after the analyses, a substantial amount of yellow pigment remained that could not be classified as either melanin or carotenoid. McGraw et al. (2004) reported that these yellow pigments were soluble in mild acids and bases and showed intense UV fluorescence. These are biochemical characteristics typical of pterins, which are ketonic amide derivatives of pteridine, which are also components of folic acid. McGraw et al. (2004) suggested that the coloration of natal downs of chicks and ducklings is due to a class of pigments rarely described from bird feathers. Possibly, similar compounds are present in the pennaceous feathers of adult turkeys, which would explain the diffuse fluorescence we observed in white-feathered turkeys. However, this aspect requires further research.
In summary, we found that the UV-fluorescent and UV-reflective characteristics of the plumage of fattening turkeys are closely related to the plumage color, the feather type, the molting state, and the age of the birds. In both white-feathered and bronze-feathered turkeys, natal downs have fluorescent properties that are particularly intense with decreased or lacking melanization. Further research is needed regarding the UVA-reflecting properties of the plumage of other white-feathered and bronze-feathered turkey breeds as well as of other color traits of the domestic turkey (comp. Savage, 1990) . The biological significance of the UV-reflecting or UVfluorescent properties of the plumage and their possible influence on the behavior of fattening turkeys as well as the consequences of a full-spectrum illumination for practical turkey fattening remain to be determined. Inappropriate lighting programs have been shown to increase the frequency of damaging behavior in turkeys (Vermette et al., 2016) , but especially the relationship between UVA lighting and injurious pecking in adult turkeys is still unclear (Dalton et al., 2013) . According to Moinard and Sherwin (1999) , illumination with supplementary UVA sources did not lead to avoidance behavior in turkeys. Hart et al. (1999) postulated that supplementation with UVA lighting may reduce the incidence of visually mediated damaging behavior. Therefore, in conjunction with other environmental enrichment measures, full-spectrum illumination, including the UVA spectrum, might be beneficial in the reduction of injurious pecking Marchewka et al., 2013) . Conversely, Duggan et al. (2014) found that turkeys in barns exposed to natural UVA light had worse feather scores and higher mortality than turkeys kept in fully enclosed facilities without supplemental UVA illumination. Re-grown feathers show a more intense UV reflection than feathers that have not been replaced. Soiled parts of the plumage, naturally, show little UVA reflection. Against this background, it is also necessary to analyze the relationships between the molting status or the degree of plumage soiling on the one hand and the prevalence of injurious pecking on the other. Furthermore, future research-especially under practical conditions-should focus on examination of the impact of full-spectrum illumination on behavior and health status of fattening turkeys, with special emphasis on the prevalence of injurious pecking.
